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[0001] 
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±Lri30> -^Jx-ii. SRAM (Static Random Access Memory) . DRAM (D 

ynamic Random Access Memory) l?t0^ig#|S'ft^g^ -y'a -b y -9-. ^P>tC(i, 

[0 0 0 3] 

±f S'lt^SsJc V > (i -y h 7 - ^ ^ ^^ L -9- - / '^Tb^ <!: V ^ o mit-"^ -i^ - K ( 7° U > 

•f^y Y m (Tym'^mm 4> -> 7> ^ a ^i^<Dm^ ^ $ij pii- -i) 4- o -c v ^ ^ o 

[0 0 0 4] 

^ m^l^. h 7-^ >-7^fp]ttOV ^- V 3 >-e{±. ^~;^"li-y hcoiftjg 

i^m^'^mM^tl^ ct ^ tC4^ i9 . r+':^'e -y h S e r D e s (Serial izer and Des 
elializer) J t V^o /j-rVs-r v^75^7±B ^ tlTV^^o ^LX. M^i^. ^Sr^<7) 

4^yN°7 i^^i^T-*- ^ ^^ji4-> >; t-iut-'- u^^i^-r^ ^ <h<7)-eii ^-r^u^yu i> 

[0 0 0 5] 

[f/t*oMfl 

S e r D e sltH^^^-r^-r >r5'--7i-;^|pIl^lci3\/^-C. ;f yh7- 
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[0 0 0 6 1 

(±. ^Jx.{i\ W. Dally et al., "DIGITAL SYSTEMS ENGINEERING". Cambridge, 1 

9984^<i:-<7):5:ftjt m^it. FIGURE 11-22, FIGURE 11-25 : 1 ) 

2001-322375-^ 1 ) tc^><5> J: o ^ti^ o y ^m^^m 

[0 0 0 7] 

mi {it^£5ft<7)-r;l-^7°^^-9-lHli^<7)— 0[)^^i-lllg§|ll-e^ 19 > HI 2 (is 1 (7)-r 

#PSTf-^PD0~PD3(i^N°9^;l-T-'-:J'. S D (± v 'j T;l^f-'- ^J' , LT. ^ 
0 - ^ 3 (ii:v>icfi+g75i'9 0° ^4^-2>(ZgtB^n y (l^I^^n y^^) =^^LTv^ 

^ o 

[0 0 0 8] 

11 1 tc^^tL^ J: ^ t;, f^*<7)-7;w^yix^-9-lpIj?§ 1 0 0 (i. i««{£«^«V 
dd^^g:«fim?«Vss^<7)r^lc|^tt'btL/jMltliIJE& 1 0 1. iiJ:Xf\ K^^zm^l 
^m^nfzm^ m^i^. 40) <7)-r;i/^-rv^-9-t;H 2 0-1 2 S-^fixT 
v^^o #-7;i^^yP^-»f-t;i/ 12 0 (12 1-12 3 i>mW {i> jt^'J^M^ti 

3 lx<7) n ^ ^ ^-^ ;UMM O S (Metal Oxide Semiconductor) h ^ > v X rJ' ( n 
MO S h 7 > v;^ ^ : J: 0 < —^^fi^i; n ^ ^ ^-;UMM I 8 (Metal Insulator 
Semiconductor) > VT.^) 120a~120c h 7 > ^12 

0 a oy- h l^-il^T^"- ^ P D ^-h^Xt^^fy-s h ^ > vv'^ ^ 1 2 0 b (OY 

- V\z\t^U^'^ y ^ <!> -eLT. h7>v>?.^ 1 2 0 c«0>r- h 

n y ^ ^ 1 75^^A:^l^ttTi/^>6o 1 2 1 a<7)>>-'- 

h U-^l/x- P D 1 :6^A:^J^tL. h 7 > ^ 1 2 1 bor- h H(±l*I 

Uy ^ <}> 2 ii^Xti^fi. ^hl>Z, h^yi^'T.^ 1 2 3 a (DV- h ^C<±/^°^ U)Ur-' 

- ^J' P D 3 A:^ ^ tL, 1 2 3 b<or- MKil*!^^' n y ^3 75^ 
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[0 0 0 9] 

•t^£t>h. 1112 tc^^tL^ct ^ HI 1 1 0 0(i. ^Jx. 

{S\ -T;u^7'^i5'-»^-fc;H 2 0 tiisv^T. n y ^ 0 is J: C/^ 1 tJ^';^ 

fH J <!: 4^ o r h ^ > ^ 1 2 0 b io J: 1 2 0 c tJ^^^ >-t-^ ^ ,h -C. h ^ 

> ^ 1 2 0 a C7)y- h IC'fitl&^tLfj/N"^ 1/;W7"~- ^ P D 0 ^M^^^. 
(D^m.^^'^J^f-y'l^^-^'tJ]^ 12 1-12 3 -C^f oT. U'-'l^x- P D 0 

~PD3 ^'>'; 7)\^^mLfz'>v T)i^-r-^ SDi y ~ KN 1 0 07)^^^«9m-r 

[0 0 1 01 

---e. nmBi 0 i(i. -^jx-fi, r~ vi,zjS:mummMf± (vss) ^ensp 

Lfj p -f- ^ ^^;UMMO S h ^ > ^ ( p MO S h -7 > ^ : J: 19 lA < — Jl^fitl 

D3^. izg+affi^jj o~?i 3 ^fflv^-cv'; T^i^T-'-^j' SD^c^^i-^^!l^l^i^i- 
. Ill2Hi3^t'5)^^'^^;^T■*-^PD0-PD3(i^■r|^D^-f < yvx^itLX 
v^^^N ^p«s{;{i, I^Ox-ti". #h^>'y7.:5' (f!]x.{S\ t ^ 7° ^ ^ -i^- -t ;H 2 
0 tciBV^T. rtgp^:^ n y ^ 0, ^ 1 J: ^^^iJ^^tL^ h ^ > vX ^ 1 2 0 bis 

J:lki 2 0 c) (Dmm^ ^ A ^i^ictDDTftil^j^^'ftrs^ ^ >yt^tixy^^:ho 

[0 0 1 1 1 

[#lt^K 1 1 

#IM 2001-322375-^ 

[##K^:S:K 1 1 

W. Dally et al., "DIGITAL SYSTEMS ENGINEERING", Cambridge, 199 
8 (FIGURE 11-22, FIGURE 11-25) 
[0 0 12] 
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III I is xv'm2 i^^.LxumLfz^^^<D-7' ^ "tym^ i o o fi. 

;w^7°^^'-»f-t;n 20 (121-123) ^^m.Vmm:^fifz V^y-y^^ 1 2 

0a-i20ctCct f5tM$tL^;^ja6. mtLm^^mirimm-^^'j^^^^^^ t^^ o m,^.:^'^ 

[0 0 13] 

L;^^L=S^76^'^. Gb p s ^^x.^ J:^^i^iS^:T-*-:5'^Mi-^Jil'^. ^hiz 

rti. HI 1 li;^f J: d l/;i-T-'-^ (PDO) J: ^Ijtip h ^ > 

rJ' (12 0 a) tP^U^^y^ ( ?5 0 , ^1) tc J: i9M^^ti^ h 7 ^ ( 

12 0b, 12 0c) t^m.mzmw:Ltz-?)\^^-fv^-^^)v^\^m-r^^t\t 

[0 0 14] 

t\^miLW{WMVs^t(Dfii\,Z%n^Z h ^ > 1 2 0 a ~ 1 2 0 c {i6X.X>\ 

10 1) ^^M1-'i>/c*:)tc, iSigUl!jf^$-ti:^Jt^'^t-=^it^^^yr^/S.i-^^ <htc4^o 

[0 0 151 

\,ziy)m^'^Hj^^n^xm'^$M'^\z\o\i)-tj:\,^t^^n ^ztiihho ^h[z^ ^2<7) 
Sfe tLXit^ W^<0 YyyiyT.^ (101i3J:?/120a-120) i3^m.mz 
^m^nx\^^^fz)sb. mijm-^^h^^-iy'T yy'ir^y- V^m^X^n:/}^yf^ 
■t^fztbX^^o 
[0 0 16] 

^^mt^ ±^Ltzvt^(r>-7)v^-7°\y^^mnt'h^^'r^m.mzm.^^ 
T~ ^ ^ ^ u C7 \.znmLfzi^ r)VT-9\z-^m\zm^-thz.t(Dx^^-7)v 
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[0 0 17] 
[0 0 181 

t<Dmm^m<o . ^<7)mmmm<7)mtiizx ^^^^ -y^mi-^mmLri^') 

[0 0 19] 

m 3 i;43v^-c. mm^ i (i^wnii^. 2 (ii^^ami^. 3 (ix ^ 7 ^m^. ^ l 

[0 0 2 0] 

lli^l t<7)^^y- FN 1 /^-"b V'; T;u-r*-^ S D7i>^ait; ^ tL-So i&SIlIi^2 {± 
[0 0 2 1 ] 

z<DXn^z^ ms iZ7f:-t^§tm<7)'7)]^^-:r]y^-^^^ii^ ^mm^2'r:y^^U 
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mzmm^fi^^^ y^m^^ (7)g^^?^(bL. i^iiE&f^^piti 

[0 0 2 2] 
[0 0 2 3] 

$)^o lll4tlfc^v^T. #BS^f-^PD0-PD3(i/^°^^;^■r-^. SDfiv^jT 
;Ut-'-3', C S 0 S 3 {itlJfWft-^. -eUT. ?5 0 ~ ?i 3 (i5H/MCf5z:+a>6^'9 0 

l^^-y-IHi^fi, 4 : \ (D-r)\y^-fVC7'^m^<^^\\Xhhi}K ^tlUP^ 

[0 0 2 4] 

m.^iifzm.n. (f!lx.{i\ 40) OX^-^^^T- (nMOSh^>vX^) 3 0- 
3 3 ^r1ti.-Cv^^o #nMO S h ^ (y?. y ^ h 7 > 5^ ) 30-3 

3<7)<>^- Y\Z{t^ /N°7^;i'T-'-^PD0-PD3 <!: n 7 ^ ^0-^3 (r-* 

zi-~7- ^ b o%<D9u y ^) ^^^i'si'oxWim-^M^mmm^2(D^ii {mmm 

^■) CS0-CS3 ii^^M'nm^^n. mm'i^'^i^tz v^^v;^^ 30-3 

[0 0 2 5] 

f^^31[iII^&2 fi. (1^!lx.(i\ 40) f^^ail]j^-t;u2 0 - 2 3 ^mx.^o IkM 
m^t)i'2 0 {±. ^;vt-'-^ PD 0 "km^ii ^xfK^LX^tiir ^ 
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)V'2 0 tmU(omf&t^ti. mmm^t}V2 Hi. ^^'^^;^T■■-^PD i ^ifipi 
Y-Y\zm^^ifi. ^>/s-^2 1 z(r>^tst\^m\i.m,M^vsst(Dm^zm^ih 

tL/znMO S h ^ >vX^ 2 1 hisXlf2 1 c ^{ix.. ^/j. l^^a(IIl?§-fe;u 2 3 
(i, l/^l^T-'-^ PD 3 *iiiliii3J:<^,R*£L-CttJ:tl-r'2>^ 2 3 a > afe 

t/^ic, i^ny ^ ^ 3i3J:U^"95 0 76^^^'- Mi^l^^tL, ^ 2 3 a <7)tB:/j t 

fi:«fi«ri?.^Vss<!:<7)r^t;|^lt'bnfjnM0S VyyV7.^2 3 b:foJ:D*'2 3 c 
^Hx-Ti^^o ---C-, ffe^SlHlE§-tr^l' 2 0 - 2 3 (i. ^n-etLaiJIW«-^C S 0 ~ 
C S 3 tcJ: O^ttDi-'i)^^ ^^^^3 0-3 3 ^tlJiai-'5> J: 9 H4^o-Cv^;e>o 
Cir% ^ 2 0 a ~ 2 3 a {t^<-J -7 r t LXmWL-t^^ti>X^^o 

[0 0 2 6] 

EI 5 ic^^^a^ J; ^ i:. ff^^smsg-t^i/ 2 0 (cisv^-C. n -y ^ 

0 43 ctLK^} 1 ;6^'M:^^ ^j&I^^^I^ FLJ \Ztj:ht. Y y ^ V 7. 9 2 0 h ^ XXf 2 
0 ci)^-^yLX^ y^^~9 2 0 2i(D\i^ti (tlJ^M-^CSO) ;{i^^-e<7)$ $7>>r 
m=f- (nMOSh^>vX^) 3 0<7)r- Mcm#&^tL;|>o i-'Srt?*,. ^z^- 
^J' 2 0 a c7)ttl:':/6^^« TH J 4' tbtf h ^ > v:^ ^ 3 0 > L. -r>/s-^ 
2 0 aiOtb:^!;^^^!^^;^ fLJ 4^ ^ {S> 7 > v^'x ^ 3 0 fi^t T-T^o — 
i?n y ^ ^ OiJct?/^^ l75^'M:^i:^>®l/^^i- FLJ ^mi-Ofl^r^ (l*Ff|5^n 
,5 0 Sfviti ^5 1 <7)/j,-4> < <5: ^— THJ tCJ^^fl^r^) , < t 
^ h 7 > V X ^ 2 0 b t /jJi 2 0 c > L, h ^ > ^ 3 0 (DY- V {%m 
m-^rC SO) {i, ^ 2 0 2i (D^tihzmt>h-rW^\tLmWMV dd(D\y^)V 

\,z-f)W^y^KxmyyyV7.9 3 ojipj- -71-^0 

[0 0 2 7] 

-e-LT, y i> ^ 1 joctcKjj 2 Hi ^%m^^^i^m.m^'^)^2 1 

•y^ ^ 2ioi:a^'^ 3 m: I9ilj^^n^f^31|ilj^-t;u2 2. rtgp^J'n-y^ 
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D0~PD3(iv';T;i^T-'-^SDtc^^m^nT, fti^EISS 1 t X y ( 
h 7 > vT.^) 3 0 - 3 3<7) KU-r ytcDW^y - KN 1 7!»^ib^l9 ttl^'n^o 
[0 0 2 8] 

m^\t. X^' u/^^^S 0 ~ 3 3 (i. nMOS h^^vy^^O-ft^b*? UpMO 

m^iit. mx.{f. Y- Y\z\^m\tLm:mm)± (vss) ^enspL/zpMos 

i3 J: O^'rt^ n y -?-n-en4 o<7)/a°v Ix;Ux*-^ PD 0 - P D 3 is J: O^'S 

v^tifS+gTi^'g 0° ^t-^izgffl^t-^^ 0-jj 3t;iM^$n-r\ m^^z^M-t^zt 

0!Jx.{i\ #h^>v>^^ f^^ailll^-b>'^2 0 tcioU^-C, o y ^ ^ 

0, ^ 1 \zx. ^mn^ixh hyy-y^.^ 2 0 hisj:i/2 0 c) <r>mm^ 4 ^ 

mir^^mmmxi,w\mxhho 

[0 0 2 9] 

l2I6(i2^l&^tc#;S)-r;v-f-7°Pi5'-9-IiIj^c7)^2«1l!I^^-rrn y^m^mx 

ib-i) o 

[0 0 3 01 

i^-^m^li. mW}<r>liit} (v'JT;!--^*-^ SD, SDX) ^#-S/ii6tc, 2m.<7) 

^mmm2, 2' , :fti?fiiii^i , 1 ' isj:?/^?.^ ■y^^?-3 0-33, 30' ~ 

3 3' ^mf^xn izLfzii(Dx$)^o ^zx\ mmmtiit) (SD) mmmmm 
^2 ^zmf;b^mmmm't)\^2 0 (21-23) (±. m^iiTj^-rmimmmtm 

Cmf&X^^, l^<7)>r 2 0 aiSiC/nMOS 2 0 b, 2 



miE# 2003-3070343 



mm 2002-339307 



^-v: 11/ 



0 c ^fi»x.Tv^>2)o -If. nmmtat} (sdx) ffl<7)i^sii]i^2' tc^it>?)#ii 

aillS§-t;W2 0' (2 1 ' ~ 2 3' ) fi. 2^<7)'r ^y^-rJ' 2 0 a' , 2 0 d ' 
iJi^^nMO Sh7>vX^20b' , 20c' imx.X\^^^o 4^^. 

1 , 1 ' ^XXf:^^ y ^mi- inUOS h'7yi^'7.9) 30-33, 30' -3 

3' amcmi&ii^ti. nmmi <»: h^>vy?.^3 o~3 3<Dv\y^>t<Dm 
my~}''i<fi-^-hiEmm(Dzy^)r)Vr-'-$'SD^m'omL. nn^^i' th'7 

> ^ 3 0 ' -33' t (DW^y - KN 1 ' i)^h%t^m.(n -> T)V7-'~ 9 SV) 
[0 0 3 1] 

^ o 

[0 0 3 2] 
[0 0 3 3] 

^-»fisifi§(i. ^2^WlJ(7)-7;^•5^•7°^^'+h[iISS^c^tLTm^«4 ^i^it. ^com 

?M4?:y^L-C. X-r -^^^^3 0-3 3i3J:t/3 0' -3 3' ^ f&mfi*?!^*^ 
VssH^Mi-^o nMO S h ^ > ^ 3 0 - 3 3 (?) v-x43<t O^ n 

MOS 3 0' -3 3' <7)V-X(i, *ii<7)mi;t#. 4 LrfSmfi 

[0 0 3 4] 

T-'-iS' SD. SDX<7)#14^±i$L7^c02*ife0iJ<7)-7;l/^y^^-»f|D]|^J; V) ^ — 

^ ^ii? ^ ^ (7) -r ^ c <!: ^ ^ o 

[0 0 3 5] 

HIS ti^i§^ 11-^^-7 ;i'^-7V^'-*f[iij^<7)^4*W!i^^i-rn y^m^mx 
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-i) o 

[0 0 3 6] 

1-2 3) -f 2 0 a , 20d. nMOSh7>v;^^20b, 20 

c, pMOS Y^yi^'X^ 2 0 e, 2 0 f T^lt^L. M^m^ I 

2 0 d<7)liit]^r- h-r-SttfX^ pMO S h^>vX^ 3 0 a (3 1a- 
3 3 a) vmf&Lfzii<DI,zmm-t^o 
[0 0 3 7] 

Ii^ailIi^-t;W2 0 tc^v^T. m4(D^imtkM<7)^ y^^-'^^ 2 0 a 
isXZfnUO Sh'7>vX^20b, 20c Ut)Px.-C. U )ir'- 9 F D 0 
Xti^iifz^ 2 0 dfecfcC/pMOS h^^vX^S' 2 0 e, 2 0 i m^^i 

^nri/^^o pMOS h ^>vX^ 2 0 ei;5J:t/2 0 f O'^-'- htc{±. -^tL-Pti 
nMOS h^>vX^ 2 0 bi3j;?J2 0 c(DY- Y [ZXti ^fihP^W^^ u y ^ j, 
OisXZ/^ 1 <0R$sP^;uo^ n y -t^^^*). 1*1^5^ xn -y ^ ^ 2isXIf<f 3 
7&^fttl&$tL. 4 y/<-:$^ 2 0 aisXXf2 0 dCDthlJ'^mzmm ilH^^O y^^ 

0=^ 3 7&^'*t3i^p^>'u FHj t'^^igrBi) fsn. -en-ettx-f -y^^^ (nMo 

Sh^>vX^) 3 OioctC/^^ y^^T- (pMOS h^^i^X^J') 3 0 a O^" 
[0 0 3 8] 

)l' [HJ t^^i>mm. ^v^fi. n -y ^ ^ 2 3 (7)/J,^7S: < <!: ^— ^;{>^' 

FLJ t^^^mm) {i. X ^ y ^^T-3 0 *3ct ?/3 0 a 71"^ 
o C<7)J; o =^1tfiK60f^S[lIS&-t;i-2 0-23, ^mz^ X^ ■y-f-^?-3 0-33 
iSXlf3 0 a-3 3 alCj: l^^Ux- ^ P D 0 - P D 3 fi v >; T^I-t-*- 5^ 

[0 0 3 9] 
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SD^MMUmmMS. (Vdd) ti&mUMmMS. (Vss) t<Dmx-y ^ > 
[0 0 4 0] 

1119 {i:$:^B.g^;•^^^-7;^^y^^'•^j-Ip|i^(7)^5^^|^lJ;^^i-r^ y ^ Il]j^Ill-e 
^b '5> o 

[0 0 4 1 1 

^■^m^i<zio\^^x. mmm^2(D^mmm^'-^)^2 0 (21-23) {i. ^>/-f 

2 0 ai3J:t;^nM0S h 2 0 b ^fSx-^o -T^^t)*), 3^||5^M 

^n-y^^) ^ 0 <^ 3 i ^ ^ y ^^mm^e'^'^ML. ^(D9u y -^/^Mm^^ 

V > ^20 b<7)y_ 1. n>^#^L. 114 ic^i"^ 1 mwM<7)-^)^^yi^^-^m 

^<7)mmm^-t)]^2 0 HiJlt-S nMO S h yy'yy^^ 2 0 c^^< ll^oT 
[0 0 4 2] 

m 1 0 {ill9 <7) -7 ;w^7' 1^^-9-0 It ^ n y ^'MSEJ^cT)— ^ij^^-riH 

t:*)i9, HI 1 {iHi o<D^u y ^^mm^<Dmi'f'^m.m-t^fzib(D9 ^ 

[0 0 4 3] 

H 1 0 H^^tL^ J: 9 i::^ y ^^mm^eii. 4 O(7)0 RlUJ^e 0 ~ 6 3 
i:m^. -e-n-etLlzgffi^n y (l*lg|5i>n-y^) ^ 0 ~ ^ 3 <7)|^^-r ^ 2 0(7) 
n y ^:^c7)|^^]afp^^3i^ J; ^ tc4^^Tv>^o HI UCtj^ ^ ti^ J; ^ tc, 

ORdli^e 0(i. [^U^^y^ <^OisXtf<^ 1 ^^it^^). ^n^co^o y^^^ 
0, 1 TS^'^ftH-fg;!^^;!- TLJ <Dt^fzlf^U^)V fhl ^^^T-'^-x ^itTi^' 
7 5%<0*IJ^i^ n y ^ ^ 0' ^myjL. c:<7)tlH^^n y ^ 0' :6^m3SllIJ^ 2 12 
i5tt^f^^31lDlSg-t;i^2 OcOnMOS h^>-yx^ 2 0 b<or- M;#fc|&$n-i)o 
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